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Force-Free Helical Reactor, FFHR, is a den1o 
relevant heliotron-type D-T fusion reactor based 
on the Large Helical Device, LHD. FFHR has two 
main features. The frrst is to reduce the magnetic 
hoop force between continuously winding SC 
helical coils by reducing the helical pitch 
parameter, y, where the reduction of y is also 
needed to make a wide coil-to-plasma clearance 
for the blanket and shield of 1m in thickness at 
least[1]. However, the adoption of the ideal force-
free condition, which is possible at y < 1, is not 
realistic from viewpoints of the engineering safety 
and an excessive shrinkage of the plasma minor 
radius. Then, within a moderate reduction of the 
force, there are two attractive merits : one is the 
simplification of coils supporting structures, 
giving us a wide open area for the maintenance of 
in-vessel components, and the other is the use of 
high magnetic fields, giving us a big margin in the 
plasma beta, (3, with a some amount of He ash and 
with only a mild enhancement factor for the 
energy confinement time. 
The second feature is to select the molten-salt 
Flibe, LiF-BeF2, as the self-cooling tritiun1 
breeder from the main reason of safety : low 
tritium inventory, low reactivity with air and 
water, low pressure operation, and low MHD 
resistance. Due to the extremely low tritium 
solubility, the T2 gas separation system becomes 
quite simple. The double walled blanket and 
transfer tube are covered with He gas to sweep out 
the permeated T2 and to monitor drain events. 
The neutron multiplier Be is also used as the 
74 
n1etal scavenger (Be + 2TF -> BeF2 + T2). The 
volumetric nuclear heating in Flibe is more than 
60% of the fusion output. 
The FFHR-1 (R=20m, a=2m, Bo=12T, 
3GWth) realizes all merits in force reduction and 
gives a wide coil-to-plasma clearance. The 
averaged minor radius hoop force on helical coils 
is reduced to 35% of the value simply scaled up 
from LHD. Even in this high field case the 
synchrotron loss energy is only 3% of the total 
fusion output[2]. Due to the large reactor size, the 
neutron wall loading is reduced down to 
1.5MW/m2, which allows us to use the in-vessel 
components for the full lifetime of 30 years 
without replacing them if structural materials 
reliable up to 450 dpa at temperatures above 650o 
C are developed. Here the low activation ferritic 
steel JLF-1 is selected, and vanadium alloy is 
second option. At present, however, the data base 
for plasma confinement in the 1=3 coils system is 
still poor[3). 
In the FFHR-2 the 1=2 coils configuration is 
basically the same as LHD and the reactor size is 
reduced to a half of FFHR-1 without changing the 
neutron wall loading. The self ignition with the 
fusion out put of 1GW is achieved using the H-
mode power threshold scaling. The hoop force is 
73% of the scaled up from LHD. However, the 
coil-to-plasma clearance is not enough. 
The main issues in FFHR are summarized : 
(1) improvement of plasma confinement and 
stability, (2) divertor pumping of He ash, (3) 
fabrication of large size SC helical coils, (4) 
mechanical stability of force reduced coils, (5) 
low activation structure materials up to 450dpa at 
650o C, (6) control of materials corrosion in Flibe, 
(7) maintenance and repair techniques. 
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